Ogata, M., Yoshiko, T., and Tomokuni, K. (1971). Brit. J. industr. Med., 28, 386-391. Excretion of organic chlorine compounds in the urine of persons exposed to vapours of trichloroethylene and tetrachloroethylene. Male volunteers were exposed to 170 p.p.m. of trichloroethylene vapour either for 3 hours or for 7 hours with one break of 1 hour; or to 87 p.p.m. of tetrachloroethylene vapour for 3 hours. Urine was collected frequently up to 100 hours after the start of exposure, and was analysed for trichloroethanol and trichloroacetic acid. After trichloroethylene exposure, trichloroethanol was excreted most rapidly shortly after exposure ceased, and trichloroacetic acid most rapidly 42 to 69 hours after exposure ceased. Total recoveries of trichloroethylene inhaled, up to 100 hours, were: trichloroethanol, after 3 hours' exposure, 53 1 %; after 7 hours' exposure, 44%; trichloroacetic acid, similarly: 21-9% and 18-1 %. The effects of exposure on blood pressure, pulse rate, flicker value, and reaction time were measured. The diastolic blood pressure was decreased significantly after 3 hours' exposure to 170 p.p.m. trichloroethylene. After tetrachloroethylene exposure, in 67 hours trichloroacetic acid was excreted to 1 8% tetrachloroethylene retained and an unknown chloride equivalent to 10 %.
, who showed that metabolites were excreted equivalent to about 73 % of the trichloroethylene retained (monochloroacetic acid 4%, trichloroacetic acid 19%, and trichloroethanol 50%). They suggested that the excretion of trichloroethanol would also serve as an index of trichloroethylene exposure. The excretion of trichloroacetic acid was slower than that of trichloroethanol. Tanaka and Ikeda (1968) , however, from analyses of urinary trichloroethanol and trichloroacetic acid from human subjects, showed that the ratio of trichloroethanol to trichloroacetic acid varied with the trichloroethylene concentration, indicating that that the best index of exposure was the total trichloro compound excreted. To provide further evidence on this, we have measured the rate of excretion of trichloroethanol and trichloroacetic acid from volunteers exposed singly in an artificial exposure chamber and have reported on the volunteers' symptoms and signs, and in the workshop we have also studied the relationship between the environmental trichloroethylene concentration and urinary trichloroethanol and trichloroacetic acid.
Tetrachloroethylene is used in dry cleaning instead of trichloroethylene because of its lower vapour pressure. The hepatotoxicity, however, of tetrachloroethylene is greater than that of trichloroethylene (Ogata, Tomokuni, and Watanabe, 1968) . Yllner (1961) showed that tetrachloroethylene is excreted mostly as trichloroacetic acid, but also as oxalic acid. One of the Fujiwara reaction-positive substances excreted has been shown to be trichloroacetic acid by paper chromatography (Ogata, Sugiyama, and Kuroda, 1962 ) and by gas chromatography (Ogata and Tomokuni, 1969) .
The rate of excretion of trichloroacetic acid and total organic chlorides in the urine of volunteers exposed to tetrachloroethylene has been studied in an artificial exposure chamber, as also were the physiological changes induced.
Material and methods Experiments using the exposure chamber Experiments were carried out on 13 volunteers of average age 34 5 years who were exposed to either trichloroethylene or tetrachloroethylene. For exposure to trichloroethylene (170 p.p.m.) either five people remained in the exposure chamber for 3 hours in the morning and for 4 hours in the afternoon with a break of 1 hour in between, or four people remained in for only 3 hours in the morning. Another four volunteers were exposed to 87 p.p.m. tetrachloroethylene for 3 hours in the morning.
The vapour concentrations in the chamber were determined every half hour by gas chromatography with a flame ionization detector (Hitachi Co. Ltd., K-53) and also by Kitagawa detector tube every 15 minutes. The averages of the concentrations found by gas chroma-4 tography were taken as correct. They were constant to within + 9 5%.
During the last 2 hours of exposure, the concentrations in the expired air were also determined by gas chromatography. In each experiment, all the urine was collected from each subject for about one week after exposure. The urines of subjects exposed to trichloroethylene were analysed for trichloroethanol and trichloroacetic acid by the methods of Tanaka and Ikeda (1968) . Those from subjects exposed for 7 hours were also analysed by the method of Ogata, Takatsuka, and Tomokuni (1970) . Metabolites excreted by volunteers exposed to tetrachloroethylene were analysed according to Tanaka and Ikeda (1968) . It was difficult to identify trichloroethanol by its absorption spectrum in our method (Ogata et al., 1970) . At the beginning and the end of the exposure period the diastolic blood pressure, pulse rate, flicker value, and reaction time were measured as described previously (Ogata et al., 1970) .
Experiments in the workshop
For the determination of trichloroethylene in the air, Kitagawa detection tubes were used. Estimations were made near the nose of each worker every 20 minutes, and the average was taken as the environmental concentration (for 9 hours with 1 hour's break). To determine the time course of excretion, the urines were collected over the periods 6 to 8 a.m., 8 a.m. to noon, noon to 5 p.m., and 5 to 9 p.m. To study the relationship between trichloroethylene concentrations in the air and trichloro compounds in the urine, the urines obtained between noon and 5 p.m. were used. We had already found in preliminary experiments that, for workmen engaged in sinmilar work every day, the concentration of urinary organic chloride reached a steady state by Wednesday. We therefore measured atmospheric trichloroethylene and urinary metabolites on Wednesday. The metabolites were determined as described by Ogata and his colleagues (1970) . Figure 1A shows the hourly excretion of trichloroethanol and trichloroacetic acid in the urine of volunteers exposed to 170 p.p.m. of trichloroethylene for 7 hours with 1 hour's break. Trichloroethanol excretion increased rapidly during the first 3 hours, slowed a little during the break in exposure, and then rose again to a maximum 1 hour after the time the subject left the exposure chamber. By 92 hours later the excretion rate (mg/hr) had returned almost to normal. Trichloroacetic acid appeared in the urine immediately after the exposure started. Its excretion rate rose slowly, reaching a maximum 42 hours after the subject had left the chamber. By 92 hours later the concentration had almost returned to normal. Concentrations of trichloroethanol and trichloroacetic acid were determined by direct colorimetric method. Figure 2 shows the curve for the average excretion rates of trichloro compounds in the urine of volunteers exposed to 87 p.p.m. of tetrachloroethylene for 3 hours. Two trichloro compounds were determined, trichloroacetic acid and a compound which gave trichloroacetic oxidation by chromium oxide. We could not identify the latter as trichloroethanol so we have called it 'unknown chlorinated hydrocarbon'. The excretion of trichloroacetic acid increased until 3 hours from the end of the exposure, and returned nearly to normal 64 hours later. The excretion of the unknown chlorinated hydrocarbon followed a similar course. Total metabolites excreted These were calculated as described by Ogata, Tomokuni, and Takatsuka (1970) . Up to 67 hours, trichloro compounds equivalent to 56-7 % of the trichloroethylene inhaled during 7 hours and 70 4 % of that inhaled during 3 hours were recovered. By 100 hours, recoveries were 62-1% and 75 9% respectively. In 67 hours, trichloro compounds equivalent to 2-8 %' of the tetrachloroethylene were recovered.
Results

Time course of excretion of metabolites
Relationship between exposure and total metabolites excreted The total exposure can be measured in the units p.p.m. x time in hours. An almost linear relationship was found between the total exposure and the total excretion up to 100 hours after the beginning of exposure (Fig. 3) . After tetrachloroethylene exposure total excretion was small, in 67 hours amounting to only about 4-0% of the metabolites excreted after the inhalation of the same amount of trichloroethylene. Figure 3 also shows that the two methods of estimating trichloro compounds (see materials and methods section) were in good agreement. For calculating the ratio of the metabolites to the trichloroethylene retained, the results obtained by the chromium oxidation method were used, as the excretion of metabolites of tetrachloroethylene was measured in this way.
Effects of exposure on physiological measurements The results are shown in the Excretion of trichloroethanol and trichloroacetic acid before, during, and after work by workers exposed to trichloroethylene Trichloroethanol concentrations in the urine collected after work were higher than trichloroacetic acid concentrations, whereas the converse was true before work (Fig. 4) . These determinations were made on a Wednesday, after two days' intermittent exposure. These findings can be explained from the results on subjects in the exposure chamber. They excreted trichloroacetic acid more slowly than trichloroethanol, as already described.
Relation between average trichloroethylene concentration in air and trichloroethanol, trichloroacetic acid, and total trichloro compounds in afternoon urine Figure 5 shows the linear regression lines obtained.
It includes results on non-exposed workers. 
Discussion
In the subjects exposed to trichloroethylene in an artificial exposure chamber the concentration of trichloroethanol in the urine attained its maximum 1 to 3 hours after exposure and that of trichloroacetic acid 42 to 69 hours after exposure. Excretion of both metabolites continued up to 100 hours.
In a workshop, where workers were exposed to trichloroethylene vapour every day, the urinary trichloroethanol concentrations determined after work in the middle of the working week were higher than those determined before work, and the reverse was true for trichloroacetic acid. Thus, excretion of the former was more closely related to exposure on the same day, whereas excretion of the latter was more closely related to exposure on a few previous days. The concentrations of trichloroethanol and trichloroacetic acid in workers' urine were markedly higher than those in the urine of subjects in the exposure chamber when corrected to the same average rate of inhalation. This was because trichloroethanol and trichloroacetic acid excretion continued up to 100 hours and only attained its steady state in workers exposed to trichloroethylene every day; Roach (1966) has discussed this theoretically.
The relationship between the trichloroethylene concentration in the air and trichloroacetic acid concentration in the urine was similar to that described by Frant and Westendorp (1950) .
The total excretion'in 67 hours from the beginning of exposure' of trichloroacetic acid in the urine of volunteers exposed to tetrachloroethylene was equivalent to 1 8 % of the tetrachloroethylene retained and that in the urine of volunteers exposed to trichloroethylene was equivalent to 70-4 % of the trichloroethylene retained. After exposure to tetrachloroethylene an unknown organic chloride was also excreted. This was converted to trichloroacetic acid after oxidation with chromium oxide. We could not detect the absorption maximum of trichloroethanol after treating with fl-glucuronidase by the method described previously (Ogata et al., 1970) , so the organic chloride compound could not group.bmj.com on June 26, 2017 -Published by http://oem.bmj.com/ Downloaded from be identified as trichloroethanol. The total excretion of organic chloride of volunteers exposed to tetrachloroethylene was, however, only 2-8 % of the tetrachloroethylene retained, as against 75 0 % of the trichloroethylene retained. This indicates that tetrachloroethylene was eliminated through expiration rather than in urine and that its metabolites are retained for a longer time in the body. Ogata et a!. (1968) showed that the increased liver triglyceride and decreased adenosine triphosphate in mice returned more slowly to normal after the inhalation of tetrachloroethylene than of trichloroethylene.
Yllner (1961) found that in mice exposed to 14C-tetrachloroethylene vapour for 2 hours 52% of the total urinary radioactivity was in trichloroacetic acid and 11 % in oxallic acid, and he suggested the formation of an epoxide which was further converted to trichloroacetyl chloride as one of the metabolic pathways for tetiachloroethylene: 0
CCl2:CC12 -*C12C CC12 -Cl3C COCl -*Cl3C.COOH In the present experiment, the maximum rate of excretion of trichloroacetic acid occurred more quickly after tetrachloroethylene than after trichloroethylene, which also suggests a difference in the metabolic pathway followed by the two chlorinated hydrocarbons.
After exposure to trichloroethylene at 1190 p.p.m. x hours the total excretion of trichloro compounds was a little lower than that after 500 p.p.m. x hours. The effect was not great enough to warrant the conclusion that the metabolic capacity of the pathways begins to be saturated at around 500 p.p.m. hours exposure.
In oUw subjects, 170 p.p.m. of trichloroethylene produced a decrease in diastolic blood pressure. In contrast, toluene inhalation caused a decrease in the pulse rate and in the systolic blood pressure. tetrachloroethylene trichloroethylene and exposed to vapours of compounds in the urine of persons
